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Sugarcane (Saccharum officinarum L., Poaceae) occupies about 4.2% of the total cultivated area in India (4.36 mill. ha) and is one of the most important cash crops, contributing about 7.5% of the gross value of agricultural production in the country (Anonymous 2009 ). Besides its main product -the white sugar, it also supports two important cottage industries, viz Gur (Jaggery) and Khandsari, which together produce about 10 +million tonnes of sweeteners (Gur and Khandsari sugar) consuming about 28-35% of the cane produced in the country (Anonymous 2009 ).
In addition to other factors like drought and unseasonal floods, sugarcane diseases cause significant losses in yield. Diseases caused by fungi, bacteria, viruses and phytoplasmas pose a serious threat to sugarcane cultivation in different sugarcane growing regions of India . Among the fungal diseases, red rot, wilt and smut are of major concern to sugarcane production.
Wilt disease is one of the most alarming fungal diseases of sugarcane and is next to red rot in causing economic losses (Agnihotri & Rao 2002) . In recent years wilt has become an alarming problem in many commercial cultivars of India (Agnihotri & Rao 2002) . Losses due to wilt, which are usually computed on the basis of the quantity of canes, dried or dead, found in the field after harvest, may vary from 2 to 10 t/ha (Parthasarthy 1972) .
In view of the sett-and soil-borne nature of wilt pathogen, various types of control measures have been recommended to manage sugarcane wilt. So far, no single method has been known to control the wilt disease syndrome in sugarcane.
The efficacy of synthetic chemicals against wilt pathogens of sugarcane was demonstrated previously (Chattopadhaya & Nandi 1977; Srivastava et al. 2007; Tripathi & Pandey 2008) . It is now well established that these synthetic chemical pesticides have potentially toxic effects on humans, wild life and the environment (De Waard et al. 1993) . They are generally non-biodegradable and if degradable, their half-life period is much more prolonged (Sakurai et al. 2004) .
Keeping in the view the above mentioned, the present investigation was undertaken to evaluate the antifungal efficacy of higher plant extracts in order to assess their toxicity against Fusarium sacchari (E.J. Butler & Hafiz Khan) W. Gams (1971) (syn. Cephalosporium sacchari Butler) and to study different aspects regarding its utility as 'sett protectant' for the control of Wilt Disease of Sugarcane.
MATERIAL AND METHODS
Plant materials. Twenty-two plant species (Table 1) belonging to different families of angiosperms, collected from different parts of Gorakhpur and Maharajganj districts, were identified with the help of identification keys of floras (Hooker 1872 (Hooker -1897 Srivastava 1976) . The identity of each collected plant was confirmed against their authentic herbarium specimens lodged in the herbarium of the Department of Botany, D.D.U. Gorakhpur University, Gorakhpur. A voucher specimen of all plants has also been deposited in the herbarium of the Department of Botany, D.D.U. Gorakhpur University.
Preparation of crude leaf extract. Twenty grams of freshly collected disease-free leaves of plants were surface sterilised with sodium hypochlorite solution (2%) for 5 min followed by washing with sterilized distilled water to remove all the traces of sodium hypochlorite. The sample was then chopped into small pieces and macerated to pulp with 20 ml (1:1 w/v) of sterilized distilled water using a sterilised pestle and mortar. The pulp was squeezed by double layered sterilised muslin cloth and the aliquot was filtered through Wattman's No. 1 filter paper. The crude extract thus obtained was subjected to antifungal testing against the test fungus F. sacchari.
Preparation of inoculum. The pure culture of F. sacchari (ITCC No. 4557) was obtained from the Indian Type Culture Collection (ITCC), Indian Agricultural Research Institute, New Delhi. The stock culture was maintained on potato dextrose agar (PDA) medium.
The test fungus was grown in Petri plates containing 10 ml of PDA medium. Mycelial discs of 5 mm Grover & Moore (1962) : For treatment sets, 10 ml of the prepared crude extract of each plant was mixed with 10 ml of molten PDA medium in a pre-sterilised Petri plate and the contents were agitated in a circular mode in order to mix the extract homogeneously. In control sets, a requisite amount of sterilised double distilled water was added in place of the extract. A fungal disc (5 mm in diameter) cut from the periphery of 7 days old culture of F. sacchari was inoculated aseptically in each assay plate and the plates were incubated for six days at 28 ± 1°C.
Colony diameters in mutual perpendicular directions were measured on the seventh day in assay plates. Fungitoxicity was recorded in terms of the % inhibition of mycelial growth and calculated using the following formula (Vincent 1947 The experiments were repeated twice and each set contained five replications. The results presented in Table 1 are based on the mean values of all replications.
Determination of minimum inhibitory concentration (MIC). The MIC of the crude leaf extract required for absolute inhibition of mycelial growth of the test fungus, F. sacchari, was determined by the usual Poisoned Food Technique (Grover & Moore 1962) . The crude leaf extract of S. torvum was prepared as described previously. Requisite amounts of the prepared crude leaf extract were added to pre-sterilised Petri plates containing 10 ml of molten PDA in order to obtain dilutions of 0.9, 0.8, 0.7, 0.6, 0.5, 0.4, 0.3, 0.2, and 0.1 ml/ml of the crude leaf extract with respect to the volume of the medium. The contents of the plates were agitated in a circular mode to mix the extract in the medium homogeneously. In control sets, the same amount of sterilised distilled water was used in place of the extract. Fungal discs (5 mm in diameter) cut from the periphery of seven days old culture of F. sacchari were aseptically transferred in each Petri plate. The assay plates were incubated for six days at 28 ± 1°C. The observations were recorded on the seventh day in terms of the percent inhibition of mycelial growth and data presented in Table 2 are based on the averages of all the replications. Nature of fungitoxicity. To determine the nature of fungitoxicity of the crude leaf extract of S. torvum, the experiments were designed according to the method described by Garber and Houston (1959) .
The treatment sets were prepared by supplementing different doses of the extract in 10 ml of the molten PDA medium. In the control set, sterilised double distilled water was used in place of the extract. The assay plates were inoculated with fungal discs (5 mm in diameter) taken from the periphery of 7 days old culture of the test fungus and were incubated for six days at 28 ± 1°C. On the seventh day the fungal discs of the treatment sets exhibiting complete inhibition of mycelial growth were taken out, washed thoroughly with sterilised distilled water and re-inoculated in a separate set of Petri plates containing a fresh solidified PDA medium. The re-inoculated Petri plates were incubated at 28 ± 1°C for six days. The observations were recorded on the seventh day in terms of revival of the growth (Table 3) . Experiments were repeated twice and each set contained five replications. Time required for fungicidal action. The time required for the fungicidal action of the extract of S. torvum against F. sacchari was also determined. The Petri plates containing 10 ml of sterilised double distilled water were supplemented with the requisite amount of the crude extract so as to obtain 0.5 ml/ml dose of the crude leaf extract. Fungal discs (each of 5 mm in diameter) cut from the periphery of 7 days old culture were kept immersed in the prepared dilution of the crude leaf extract for different time periods. After requisite duration, the discs were taken out, washed thoroughly with sterilized distilled water and aseptically inoculated in Petri plates containing the fresh PDA medium. Mycelial discs immersed in sterilised distilled water instead of the extract for the same duration served as control. The assay plates were incubated at 28 ± 1°C for six days and mycelial growth was recorded on the seventh day. The experiment was repeated twice and each set contained Table 5 . Range of antibacterial activity. The range of antibacterial activity was tested using the Disc Diffusion Technique as described by Rios et al. (1988) . Nutrient agar medium (NAM) was prepared, sterilised at 14 061.38 kg/m 2 ) pressure for 30 min, cooled to about 40°C and poured in Petri plates already containing 0.1 ml of a 10 -2 dilution of the bacterial culture to be tested.
Filter paper discs of 6 mm in diameter were cut from Wattman's No. 44 filter paper. The crude leaf extract of S. torvum was prepared as described previously and diluted to 0.5 ml/ml dose. One ml of this diluted extract was impregnated in filter paper discs for treatment sets. For positive control sets, 30 μg of kanamycin was dissolved in 1 ml of sterilised double distilled water and the solution was impregnated in another disc. For negative control sets, 1 ml of sterilised double distilled water was impregnated in filter paper discs. One disc of each of treatment sets, positive control sets as well as negative control sets were placed equidistantly in Petri plate containing a medium seeded with bacteria to be tested, viz Escherichia coli and Bacillus subtilis. The assay plates were incubated at 37°C for 48 h and the zone of inhibition was recorded. Experiments were repeated twice and each set contained five replications. The results recorded in Table 6 are based on the mean values of all replications.
Determination of phytotoxicity. The phytotoxic effect of the crude leaf extract of S. torvum was studied with respect to sett germination and general health and morphology of the sugarcane plant.
Sett germination. The crude leaf extract of S. torvum was prepared as described previously. The healthy cane setts of one node length containing a single bud were cut obliquely with a secateur. These cane setts were soaked in the crude leaf extract of S. torvum for 1 h, 2 h, and 3 h separately in three lots. Some cane setts were also soaked in sterilised water for the same period for control setts. Treated as well as control cane setts were taken out after requisite time and dried in shade for two hours. After drying, these cane setts were sown into earthen pots containing sterilised garden soil. The earthen pots were irrigated regularly with water. The observations were recorded for germination of the bud on the 3 rd , 4 th , 5 th , 6 th , 7 th , 8 th , 9 th and 10 th day. Fifteen earthen pots, each containing three cane setts, were prepared. Five replications were maintained and the experiment was repeated twice. The data presented in Table 7 are based on the mean value of all replications.
General health and morphology of the plant. The germinating cane setts of the previous experiment were allowed to grow. The general health and morphology of plants of treatment setts were compared with those of control setts at their different growth stages.
In vivo efficacy. The preliminary in vivo efficacy of the crude leaf extract of S. torvum to control the wilt disease of sugarcane was assessed using sett treatment and soil amendment.
Sett treatment. The soil-maize meal medium of the following composition was prepared: Sieved field soil 190 g Ground maize meal 10 g Sterilised distilled water 70 ml The contents of the flask were sterilised in an autoclave at 15 lb/sq inch pressure for 30 min for 2 consecutive days. The flask was then inoculated aseptically with 3 discs (each 5 mm in diameter) of Fusarium sacchari, obtained from the periphery of 7 day old culture. The flask was kept at 28 ± 1°C for 6 days. After 6 days of incubation the content of the flask was used as fungal inoculum for infesting the soil under experimentation.
Earthen pots (30 cm in diameter and 45 cm in height) were washed with water followed by 70% alcohol. The sterilized garden soil (sieved through 2 mm mesh, dried in the sun and autoclaved for two consecutive days) along with the fungal inoculum prepared previously was filled into the earthen pots (10:1 w/w) up to 25 cm height as recommended by Ghorbany and Salary (2005) . The pot was then covered with sterilised garden soil up to 35 cm height (Ghorbany & Salary 2005) . The crude leaf extract of S. torvum was prepared as described previously. Healthy cane setts were cut obliquely with a secateur and soaked: -in the leaf extract of S. torvum for 2 h for treatment setts, -in sterilised distilled water for 2 h for negative control setts, -in 2.5 mg/ml dose of Carbendazim 50WP for 2 h for positive control setts. Three cane setts, each of all the above three treatments, were separately sown equidistantly into earthen pots containing sterilised garden soil infested with the soil-maize meal medium and covered on top with sterilised garden soil up to 35 cm prepared as described previously and fifty assay pots of this type were maintained for each treatment sett and negative as well as positive control setts. The assay earthen pots were placed in open field conditions and watered, as and when required. For each sett, five replications were maintained. The experiments were repeated twice and the results presented in Table 8 are based on the mean value of all replications.
Soil amendment. The soil-maize meal medium infested with the test organism F. sacchari was prepared as described previously. The earthen pots (30 cm in diameter and 45 cm in height) were washed with water followed by 70% alcohol. The garden soil (sieved through 2 mm mesh, dried in the sun and autoclaved for two consecutive days) along with the soil-maize meal medium infested with F. sacchari (10:1 w/w) was filled into the earthen pots up to 25 cm height (Ghorbany & Salary 2005) . The pots were then filled with sterilised soil up to 35 cm height, given light irrigation and left for 7 days.
After 7 days, the earthen pots with treatment setts were irrigated with 500 ml/day of the crude leaf extract for three alternate days. Negative control setts were irrigated with 500 ml/day sterilised distilled water in place of the extract for the same number of days whereas positive control setts were irrigated with 500 ml/day Carbendazim 50WP (2.5 mg/ml) in place of the extract for the same number of days.
The healthy cane setts of one node length containing a single bud were cut obliquely with a secateur. Three cane setts were sown equidistantly into the sterilised soil layer of each assay pot and fifty such assay pots were maintained for each treatment sett and negative as well as positive control setts. Thereafter the treatment and control setts were placed in the open field and the pots were watered, as and when required except the day of treatment. For each sett, five replications were maintained. The experiments were repeated twice and the results presented in Table 8 are based on the mean values of all replications.
RESULTS AND DISCUSSION
Determination of the minimum inhibitory concentration (MIC) of a fungitoxicant is necessary in order to know its appropriate dose for the complete mycelial inhibition of test pathogen. High doses of a fungitoxicant may lead to a decrease in its rational value, increase its wastage and may also considerably deteriorate the quality of the crop treated. Although a large number of plants and their products have been tested for their antifungal activity, only a few have been studied in detail with respect to their MIC. In the present study the MIC of the crude leaf extract of S. torvum was found to be 0.5 ml/ml, i.e. the crude leaf extract completely inhibited the mycelial growth of the test fungus at 0.5ml/ml dose but could not inhibit the mycelial growth completely at 0.4 ml/ml dose ( Table 2 ). The determination of fungicidal or fungistatic nature of a fungitoxicant evokes the idea whether the fungitoxic effect is temporary or permanent. Several plants and their products, viz aegle marmelos, Cleome gynandra, Croton roxburghii, Physalis peruviana (Singh & Tripathi 1993) ; Callistemon lanceolatus and Euphorbra hirta (Raja & Kurucheve 1999) , have been reported to possess fungicidal nature. However, the extract of Schizozygia coffaeoides has been reported to be fungistatic (Kariba et al. 2001) . In the present study, the crude leaf extract of S. torvum exhibited fungicidal activity at 0.5 ml/ml dose indicating its Minimum Fungicidal Concentration (MFC) ( Table 3) .
It is desirable to know the time required to kill the test fungi for a chemical having fungicidal activity. In the present study, the crude leaf extract of S. torvum killed the test fungus within 5 min (Table 4) .
The results presented in Table 5 reveal that the extract of S. torvum at 0.5 ml/ml dose completely inhibited the mycelial growth of Fusarium verticillioides and rhizoctonia solani, while it significantly inhibited the mycelial growth of alternaria alternata, aspergillus niger and Curvularia lunata. However, it showed moderate or poor toxicity to the other fungi tested.
The results presented in Table 6 reveal that the extract of S. torvum at a concentration of 0.5 ml/ml A fungitoxicant may exhibit a broad range of toxicity inhibiting many fungi or may be effective against specific ones only. If a fungitoxicant possesses a narrow range of toxicity, it may not be successfully employed in controlling the disease incited by a complex of pathogens. Such fungitoxicants may be potentially valuable in controlling few diseases but their limited market value would make them ineffective for producers. In the present investigation the crude leaf extract of S. torvum exhibited a broad range of the antifungal spectrum. The crude leaf extract of S. torvum was found as effective as commercial antibiotic kanamycin when tested against two pathogenic strains of bacteria. This indicates that the active principle present in the leaves is effective against fungi as well as bacteria making the extract more valuable especially in the control of wilt diseases. Wellman (1977) emphasised that any compound possessing fungitoxicity must be evaluated for its phytotoxicity before subjecting it to in vivo trials. Therefore it was decided to test the phytotoxicity of plant extracts exhibiting fungitoxicity. Previously, the extracts of allamanda cathartica, Lawsonia inermis and Eucalyptus citriodora, ruellia tuberosa, ricinus communis were found to be non-phytotoxic by Tripathi et al. (1978) , Dixit et al. (1982) , and Sharma (2008) , respectively. However, Fawcett et al. (1969) and Staron et al. (1969) reported that 'wyerone' from Vicia faba and 'anagalloside' from anagallis arvensis were phytotoxic. The results shown in Table 7 reveal that soaking cane setts in the crude leaf extract of S. torvum for different time periods has no significant effect on its germination. This indicates that the extract of S. torvum has no phytotoxic effects as far as the sett germination of sugarcane is concerned.
The information about the fungitoxicity of plants or their extracts in laboratory conditions becomes useless unless the plant or its extracts exhibit significant in vivo efficacy in controlling plant diseases. Some publications clearly indicate the efficacy of plant crudes and their products in the control of various diseases in field conditions (Mosch & Zeller 1989; Alice & Sivaprakasam 1996) . The control of soil-borne pathogens under in vivo conditions has generally been attempted by seed treatment or by soil amendment. Some researchers successfully cured many diseases of plants by treating the seeds with various plant extracts (Ghewande 1989; Singh & Tripathi 2000) . Soil amendment with different plant parts for the control of soil-borne diseases has been demonstrated by various investigators (Singh & Rai 2000) . Therefore in the present investigation, sett treatment and soil amendment with the crude leaf extract of S. torvum were done to evaluate the efficacy of the extract in controlling sugarcane wilt. The crude leaf extract of S. torvum was found to exhibit 52% wilt control when the sett treatment was done for 2 h (Table 8) . However, the amendment of soil with the crude leaf extract of S. torvum (500 ml/day up to three alternate days) exhibited 58% control indicating its efficacy as herbal fungicide (Table 8 ). However, soil amendment proved better than seed treatment for the control of the wilt disease of sugarcane (Table 8) .
Therefore the present investigation indicates that the crude leaf extract of S. torvum, on account of its fungitoxic, non-phytotoxic and in vivo antifungal efficacy, may be recommended for large-scale field trials in order to explore the possibility of its use as herbal fungicide to control the wilt disease of sugarcane.
